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INTRODUCTION
The incidence of peripheral arterial disease (PAD) has in-
creased in recent years owing to the aging of most popula-
tions and the increased prevalence of cardiovascular risk fac-
tors such as type 2 diabetes mellitus, obesity, and smoking
in women (1). PAD is the most common manifestation of
systemic atherosclerosis in which the arterial lumen of the
lower extremities becomes progressively occluded by athero-
sclerotic plaques (2). The ratio of the resting ankle to brachial
systolic blood pressure (SBP) provides an index (the ankle-
brachial pressure index or ABI) that has been used widely in
clinical and epidemiological studies to assess the patency of
the lower extremity arterial system and to screen for PAD (3).
The ABI has been associated with preclinical carotid plaques
and the intimal-medial thickness (IMT) of the carotid and
popliteal arteries (4, 5). A low ABI (<0.90) was reported to
be a marker for risk of coronary and cerebrovascular disease
(CVD) and was an independent predictor of CVD and all-
cause mortality (6, 7). PAD detected by means of the ABI
has been associated with prevalent CVD and CVD risk fac-
tors in previous cross-sectional studies (8, 9). Moreover, many
prospective studies have shown that a low ABI can predict
CVD and all-cause mortality in general populations and in
patients with existing vascular disease such as hypertension
or type-2 diabetes mellitus, particularly in elderly men (10-
12). A low ABI is common in elderly people and is accom-
panied sometimes by PAD. The prevalence of a low ABI var-
ied from 3.0% in the Atherosclerosis Risk in Communities
(ARIC) study (subjects aged 45 to 64 yr) to 19.1% in a study
in Rotterdam (subjects aged 55 yr and older) (4, 13). Many
community-based studies have been carried out in Western
countries, whereas few epidemiological data are available from
Oriental countries. In one study of elderly Japanese men (60-
79 yr old), the prevalence of a low ABI was 5.0% (14), but,
to our knowledge, there has not been an epidemiological study
of a Korean population. Some clinical studies of ABI or PAD
have included Korean subjects; however, these reports have
limited significance because these studies were restricted to
subjects with type-2 diabetes mellitus and renal failure (15,
16). Therefore, we conducted a community-based study to
determine the distribution of ABI in Korean adults in order
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Distribution of the Ankle-Brachial Index and Associated Cardiovascular
Risk Factors in a Population of Middle-Aged and Elderly Koreans
The Doppler ankle-brachial pressure index (ABI) is an objective and efficient tool
that can be used to determine the presence and severity of peripheral arterial dis-
ease in the lower extremities. The ABI value is inversely associated with other car-
diovascular risk factors. To date, there have been no studies of the distribution of
ABI in Korea. We performed a cross-sectional study of 1,943 subjects (681 men
and 1,262 women; 45-74 yr old) in Namwon, Korea. The prevalence of a low ABI
(<0.90) was 2.2% in men and 1.8% in women, and a high ABI (≥1.30) was preva-
lent in 3.1% of men and 0.8% of women. Age, smoking habits, waist circumference,
hypertension, and blood pressure were associated with ABI values in both sexes.
The presence of carotid plaques was associated with ABI values only in men, whereas
pulse pressure was associated with ABI values only in women (p<0.05). Although
the prevalence of a low ABI in the present study was lower than those reported pre-
viously for Western populations and Japanese men, our results suggest that the
ABI might be used as an indicator of cardiovascular risk factors in adult Koreans. 
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to provide baseline data for a prospective study.
MATERIALS AND METHODS
Populations and study design
Potential participants for this study were recruited from
the inhabitants of five administrative regions (three Myuns
and two Dongs) of Namwon in the Jeonbuk Province of Korea.
We used national resident registration lists to identify poten-
tial participants, who were required to be 45-74 yr old in
2004. The study participants were selected randomly by clus-
ter sampling in which sampling units were chosen at the
smallest administrative district level, i.e., at the level of the
Myun and Dong. The target area had an estimated 4,697
people (2,142 men and 2,555 women) that were of eligible
age. All eligible people were invited, by means of a letter and
a telephone call, for a medical checkup on a specific date at
the Namwon Medical Center, Korea. All participants pro-
vided informed consent, and the study was conducted in
accordance with the guidelines in The Declaration of Helsin-
ki. The study was approved by the appropriate research ethics
committee.
Among the 4,697 eligible subjects aged 45 and 74 yr, 1,964
(41.8%) underwent a clinical examination following an inter-
view. The participants included 694 men and 1,270 women,
and the mean (± standard deviation) ages of the men and
women were 61.9±6.7 and 61.1±7.1 yr, respectively. The
response rate of women (48.4%) was significantly higher than
men (33.5%), but the difference of mean ages between the
respondent and non-respondent was not significant in both
sexes. ABI measurements could not be completed in the fol-
lowing 21 subjects (0.4%), who were excluded from the study:
five subjects (24%) were in a post-operative state (leg surgery),
four subjects (19%) could not assume a supine position for
the examination owing to physical disability, two subjects
(10%) had an artificial leg(s), and ten subjects (48%) had
insufficient data to calculate the ABI. Ultimately, 1,943 sub-
jects (41.4% of eligible subjects; 681 men and 1,262 women)
formed the final study sample for the principal analysis.
The design of the study was cross-sectional and was based
on the randomly selected community cluster samples (see
explanation above). This is an ongoing prospective study that
was designed to investigate the determinants of the occurrence
and progression of CVD, osteoporosis, and dementia in elderly
Koreans. This article represents an initial report of the first
baseline examination of the cohort that is undergoing the
prospective study.
Measurement of the ankle-brachial pressure index
The ABI was measured by experienced research staff and
medical doctors according to a standardized protocol (2). Par-
ticipants rested in the supine position for at least 5 min before
measurements were made. Using a bidirectional Doppler
(BiDop ES-100V) with a hand-held, 8-MHz probe (Koven
Technology, St. Louis, U.S.A.) and a standard mercury sphyg-
momanometer (Baumanometer Kompak WA Baum Copi-
ague, NY, U.S.A.), we measured systolic blood pressure (SBP)
in the following order: right brachial artery; right dorsalis
pedis and posterior tibial arteries; left dorsalis pedis and poste-
rior tibial arteries; and left brachial artery. Arm cuffs of differ-
ent sizes were used to accommodate different examinees.
If a discrepancy existed between both arms and between
two arteries in the leg, the higher of the two SBP values was
used to calculate the ABI. The ABI for each leg was calculated
by dividing the highest value of either ankle SBP by the high-
est value of either brachial SBP. The lower of the two ABI
values for the legs was used to define a low ABI value. ABI
values were grouped into six categories: <0.90, 0.90-0.99,
1.00-1.09, 1.10-1.19, 1.20-1.29, and ≥1.30. An ABI value
that was less than 0.9 was defined as a low ABI, while an ABI
≥1.3 was defined as a high ABI.
Measurement of cardiovascular risk factors
Anthropometric measurements of subjects that wore light
clothing and were without shoes were conducted by experi-
enced research staff. Height was measured to the nearest 0.1
cm, and weight was measured in the upright position to the
nearest 0.1 kg. The body mass index (BMI) was calculated
as weight divided by height squared (kg/m2). Waist circum-
ference was measured to the nearest 0.1 cm at the end of a
normal expiration by measuring from the narrowest point
between the lower borders of the rib cage and the iliac crest.
Blood pressure was measured after 5 min of rest with the
subject in the sitting position using a mercury sphygmoma-
nometer (Baumanometer). The first appearance (phase I) and
disappearance (phase V) of Korotkoff’s sounds were used to
define SBP and diastolic blood pressure (DBP) (17). Three
readings each of SBP and DBP were recorded at intervals of
1 min, and the average of the three readings was used for the
analysis.
All the participants underwent at least 10 hr of overnight
fasting before blood samples were obtained from an antecubital
vein. Serum was separated on-site and was stored at -70℃
until analyzed. Concentrations of total cholesterol (TC), high-
density lipoprotein cholesterol (HDL-C), and triglycerides
(TG) were measured by an automatic analyzer (AU5400,
Olympus, Japan). The ratio of TC to HDL-C (TC/HDL-C)
was calculated. The fasting blood glucose level was measured
using an enzymatic method. The white blood cell count was
quantified using a cell counter (Micros 60, ABX, Montpel-
lier, France).
The presence of atherosclerotic plaques was recorded by a
neurologist with the aid of a B-mode ultrasound sonogram
(SonoAce 9900, Medison, Seoul, Korea). The site of plaquesAnkle Brachial Index and Cardiovascular Risk Factors 375
at any of the six segments of the carotid arteries was noted.
Plaques with a wall thickness in excess of 1.5 mm were record-
ed, and the presence of lumen encroachment or an irregular
intimal surface and/or image characteristics indicative of struc-
tural heterogeneity of the arterial wall were noted (18).
The questionnaire that was administered was designed to
determine the history of CVD, type 2 diabetes mellitus, hyper-
tension, and medication. Lifestyle questions included alcohol
consumption habits, smoking habits, and exercise habits.
Smoking habits were categorized as follows: current smokers,
ex-smokers, and non-smokers. Subjects with persistent ele-
vated blood pressure (≥140/90 mmHg) or who were on
antihypertensive medication were classified as hypertensive
according to the criteria of the report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treat-
ment of High Blood Pressure (JNC 7) (19). Type 2 diabetes
mellitus was defined as a self-reported history (being informed
by a physician that diabetes was present) or as a fasting blood
glucose level was equal or higher than 126 mg/dL according
to the criteria of the American Diabetic Association (20).
Analysis
The demographic and clinical features of the study popu-
lation are presented as the mean (±standard deviation) or a
proportion according to sex. According to the ABI categoriza-
tions, age- and sex-adjusted mean values of CVD risk factors
were calculated using an analysis of covariance (ANCOVA).
The prevalence of CVD risk factors was analyzed using logistic
regression models for heterogeneity. Overall difference and
linear trends according to the ABI values were analyzed. As
the distribution of TG was skewed, data were log-transformed
prior to the analysis. All analyses were performed using SPSS
software version 11.0 (SPSS, Chicago, IL, U.S.A.).
RESULTS
The demographic and clinical features of the study popu-
lation are presented in Table 1. The percentages of smoking,
regular exercise, high ABI, and the presence of carotid plaques
were significantly higher in men than in women; the low ABI
value was not significantly different between the sexes. The
white blood cell count was not significantly different between
the sexes, but the BMI was significantly greater in women.
Triglyceride concentrations and fasting blood glucose levels
were significantly different between the sexes, but SBP, DBP,
and pulse pressure were not significantly different.
The distribution of ABI according to sex is presented in
Fig. 1. In most subjects (-90%), the ABI was between 1.00
and 1.29. The most frequent ABI values in men were in the
range 1.10-1.19 (42.4%), followed by 1.00-1.09 (29.4%)
and 1.19-1.20 (19.7%). In women, the values with the high-
est frequency were in the range 1.00-1.09 (43.1%), followed
by 1.10-1.19 (35.9%) and 1.20-1.29 (10.2%). The preva-
lence of a low ABI was 2.2% in men and 1.8% in women,
and a high ABI was observed in 3.1% and 0.8% of men and
women, respectively.
The ABI was inversely and significantly associated with
age, SBP, and DBP in both sexes (Table 2, 3). The ABI was
also significantly associated with the age-adjusted percentage
of smoking and hypertension. In men, the waist circumfer-
ence was positively associated with the ABI, whereas in women,
the trend for the same parameters bordered on significance. In
women, a decrement of pulse pressure was associated strongly
with an increment in the ABI (p<0.001), but this was not
the case in men. In men, a decreasing prevalence of carotid
plaques and decreasing fasting glucose levels were significantly
associated with an increment in the ABI (p<0.01 and 0.05,
respectively), but this was not the case in women. BMI, TG,
Male
(n=681)
Female 
(n=1,261)
p*
Age (yr) 61.9±6.7 61.1±7.1 0.009
Current smoker (%) 36.2 3.7 0.000
Regular exercise (%) 22.8 14.8 0.000
Body mass index (kg/m
2) 23.8±2.9 24.9±3.2 0.000
Waist circumference (cm) 86.4±8.2 87.7±8.8 0.003
Systolic blood pressure 130.8±18.1 131.8±19.7 0.281
(mmHg)
Diastolic blood pressure  82.5±10.6 82.8±10.3 0.596
(mmHg)
Pulse pressure (mmHg) 48.1±14.2 48.9±14.6 0.262
Triglyceride (mg/dL) 182.8±135.4 158.0±107.9 0.000
Serum fasting glucose 107.5±27.2 101.5±22.1 0.000
(mg/dL)
Hypertension (%) 37.4 38.6 0.328
Type 2 diabetes mellitus (%)  11.7 7.1 0.000
Low ABI (<0.9) (%) 2.2 1.8 0.338
High ABI (≥1.3) (%) 3.1 0.8 0.000
Presence of carotid plaque (%) 36.6 18.9 0.000
Table 1. Characteristics of the subjects
Unless otherwise indicated, data are given as mean±standard devia-
tion; ABI, ankle brachial index.
*p value by t-test or chi-square test as appropriate.
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Fig. 1. The distribution of the ankle-brachial index (ABI) values for
men (black bars) and women (white bars). 
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TC/HDL-C, and white blood cell count were not significantly
associated with the ABI in either sex.
DISCUSSION
Ours is the first population-based study to investigate the
ABI and to evaluate associations between the ABI and car-
diovascular risk factors in middle-aged and elderly Koreans.
The results of the present study revealed that the prevalence
of a low ABI was 2.2% in men and 1.8% in women. These
values are lower than the value of 5.0% reported previously
for Japanese men aged 60 to 79 yr (14). Moreover, the ABI
values in the present study were substantially different from
Ankle-brachial index
<0.90
(n=15)
0.90-0.99
(n=22)
1.00-1.09
(n=200)
1.10-1.19
(n=289)
1.20-1.29
(n=134)
≥1.30 
(n=21)
p-value for
overall 
difference*
p-value 
for linear
trends*
Number (%) 2.2 3.2 29.4 42.4 19.7 3.1 - -
Age (yr) 66.1±3.3 63.5±5.5 62.6±6.6 61.3±6.9 61.9±6.3 62.3±6.5 0.033 -
Current smoker (%) 57.2 37.6 41.9 34.6 25.2 52.7 0.001 0.016
Regular exercise (%) 13.9 32.2 19.5 25.8 20.9 19.0 0.447 0.847
Body mass index 22.6±0.7 24.0±0.6 23.5±0.2 23.9±0.1 23.9±0.2 24.2±0.6 0.298 0.054
Waist circumference (cm) 77.3±2.7 84.3±1.9 86.0±0.6 86.5±0.5 86.4±0.8 86.9±2.1 0.036 0.273
SBP (mmHg) 129.3±4.6 134.4±3.8 133.2±1.2 131.1±1.0 126.5±1.5 128.3±3.9 0.027 0.005
DBP (mmHg) 82.3±2.6 84.4±2.1 84.7±0.7 81.9±0.5 80.9±0.8 78.7±2.2 0.004 0.001
Pulse pressure (mmHg) 46.9±3.4 49.9±2.8 48.4±0.9 48.9±0.7 45.5±1.1 49.5±2.9 0.225 0.260
Serum fasting glucose (mg/dL) 129.4±7.0 118.1±5.8 105.5±1.9 108.2±1.6 104.3±2.3 107.4±5.9 0.006 0.032
Leukocytes (×10
9/L) 7.4±0.4 6.9±0.3 6.7±0.1 6.7±0.1 6.5±0.1 6.5±3.7 0.474 0.063
TC/HDL-C 4.9±0.34 4.62±0.28 4.43±0.09 4.37±0.07 4.41±0.11 4.03±0.29 0.477 0.082
Log (TG) (mg/dL) 2.26±0.07 2.19±0.05 2.18±0.02 2.17±0.02 2.19±0.02 2.20±0.06 0.874 0.821
Hypertension (%) 27.4 36.6 45.1 38.9 26.8 19.0 0.010 0.007
Type 2 diabetes mellitus (%) 27.3 13.7 10.0 11.9 11.9 14.3 0.564 0.716
Presence of carotid plaques (%) 66.3 51.3 37.3 30.2 39.7 21.9 0.023 0.046
Table 2. Age adjusted means and proportions of cardiovascular risk factors according to ABI levels among men
Unless otherwise indicated, data are given as mean±standard deviation; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; TC/HDL-C, a
ratio of total cholesterol to high density lipoprotein cholesterol; Log (TG), log-transformed value of triglyceride.
*p-value by age-adjusted analysis of covariance (ANCOVA) or logistic regression as appropriate.
Ankle-brachial index
<0.90
(n=23)
0.90-0.99
(n=103)
1.00-1.09
(n=544)
1.10-1.19
(n=453)
1.20-1.29
(n=129)
≥1.30 
(n=10)
p-value for
overall 
difference*
p-value 
for linear
trends*
Number (%) 1.8 8.2 43.1 35.9 10.2 0.8 - -
Age (yr) 63.1±7.8 62.1±6.8 61.5±7.0 60.7±7.1 60.1±7.0 57.3±8.6 0.031 -
Current smoker (%) 18.2 5.4 3.0 2.5 1.4 11.3 0.000 0.003
Regular exercise (%) 13.6 13.0 13.6 14.5 20.7 0.0 0.482 0.228
Body mass index 24.3±0.6 24.3±0.3 24.9±0.1 25.0±0.1 25.2±0.2 24.1±1.0 0.320 0.095
Waist circumference (cm) 86.5±1.9 85.6±0.8 87.4±0.3 88.0±0.4 88.8±0.7 85.1±2.8 0.080 0.026
SBP (mmHg) 145.2±3.9 140.0±1.8 133.6±0.8 128.4±0.8 127.6±1.6 119.8±5.9 0.000 0.000
DBP (mmHg) 84.1±2.6 85.7±1.0 83.7±0.4 81.6±0.4 81.4±0.9 76.5±3.2 0.000 0.000
Pulse pressure (mmHg) 61.0±2.8 54.2±1.3 49.9±0.5 46.8±0.6 46.2±1.1 43.3±4.2 0.000 0.000
Serum fasting glucose (mg/dL) 99.1±4.6 99.2±2.1 102.2±0.9 101.5±1.0 101.6±1.9 93.8±7.0 0.682 0.843
Leukocytes (×10
9/L) 6.5±0.3 6.0±0.1 6.0±0.1 5.9±0.1 6.1±0.1 5.7±0.5 0.881 0.752
TC/HDL-C 4.51±0.27 4.48±.12 4.49±0.05 4.49±.06 4.54±.11 4.11±0.41 0.960 0.683
Log (TG) (mg/dL) 2.12±0.05 2.11±.02 2.13±.01 2.13±.01 2.16±.02 2.08±.07 0.688 0.446
Hypertension (%) 59.6 48.7 43.5 32.0 28.1 21.3 0.000 0.000
Type 2 diabetes mellitus (%) 7.9 4.5 6.9 7.1 7.7 0.0 0.769 0.623
Presence of carotid plaques (%) 24.1 19.5 16.5 15.5 17.7 11.0 0.794 0.344
Table 3. Age adjusted means and proportions of cardiovascular risk factors according to ankle brachial index (ABI) level among 1,260
women participants
Unless otherwise indicated, data are given as mean±standard deviation; SBP, Systolic blood pressure; DBP, Diastolic blood pressure; TC/HDL-C, a
ratio of total cholesterol to high density lipoprotein cholesterol; Log (TG), log-transformed value of triglyceride.
*p-value by age-adjusted analysis of covariance (ANCOVA) or logistic regression as appropriate.those reported for Western populations, which vary from 2.4%
(mean age: 54.5 yr) to 16.9% (mean age: 69.0 yr) in men and
from 3.4% (mean age: 53.5 yr) to 20.5% (mean age: 71.7 yr)
in women (4, 13). Such differences may result partly from
different demographics, including differences in age, socio-
economic status, lifestyle, dietary habits, smoking habits, and
physical activity. For example, in the present study there was
a relatively smaller proportion of current and former smokers
(data not shown), particularly women, than in previous studies
(4, 7, 13). In addition, our study group comprised mainly
farmers who were more likely to experience intense physical
activity compared with the general population.
Despite the low prevalence of low ABI values in the present
study, ABI values were associated significantly with cardio-
vascular factors after being adjusted for age in both sexes. The
significant association between a low ABI and cardiovascular
risk factors such as age, smoking habits, hypertension, SBP,
DBP, obesity, serum glucose levels, and carotid plaques is
consistent with the findings of previous studies. However, we
did not find an association between ABI values and BMI, TG,
TC, or HDL-C values, which is contrary to several previous
studies (11, 13, 14, 21-23). This may be attributable to the
limited statistical power that resulted from the low prevalence
of low and high ABI values or to the relatively greater pro-
portion of younger subjects in our study compared with sub-
jects in other studies.
Cigarette smoking is one of the most important risk factors
for PAD (24). In our study, the prevalence of current smoker
was higher in low ABI and high ABI than other intermediate
ABI values in both sexes. This U-shaped relationship between
ABI values and the prevalence of current smoker is consistent
with previous studies (7, 25), which showed that the associ-
ations of a high ABI with all cause and CVD mortalities was
similar to those of a low ABI. Although the biological mech-
anism of the U-shaped relationships between ABI and mor-
tality or CVD risk factors has not been fully elucidated, this
finding is somewhat meaningful for CVD risk stratification
by ABI values. In men, the prevalence of hypertension showed
inverse associations with the ABI values similar to SBP and
DBP, but in women, an inverted U-shaped association was
observed. This discrepancy with sexes may be due to small
number of men subjects, especially in two lowest ABI values.
Several hemostatic factors have received attention as poten-
tial markers of PAD, which suggests that the inflammation
process plays an important role in atherosclerosis (26). In the
present study, subjects of either sex with low ABI values also
had high leukocyte levels, although this trend was not statis-
tically significant. The relationship between atherosclerosis
and inflammation should be investigated using more sensi-
tive markers, such as highly sensitive C-reactive protein, plas-
ma homocysteine, and fibrinogen.
The ABI is a simple, noninvasive, and inexpensive diag-
nostic test for lower extremity PAD, and the test-retest reli-
ability of the ABI is excellent. In addition, the validity of the
test for stenosis (≥50%) in the leg arteries is high; sensitivity
is -90% and specificity is -98% (27). In the case of Korean,
the accuracy of the automated blood pressure measurement
was 88.8% for peripheral arterial disease defined using pho-
toplethysmography (28). Approximately 5% of persons with
PAD have a normal ABI, often because lower-extremity arteries
are calcified, which elevates pressures artificially (29). The
accurate diagnosis of PAD is important because it is an inde-
pendent risk factor for CVD morbidity and mortality that is
known to affect the functioning of the lower extremities and
quality of life (30). Early identification of PAD before progres-
sion to advanced ischemia is also important, particularly in
patients with renal insufficiency and diabetes (31). Therefore,
the routine measurement of ABI in a primary care setting is
recommended for groups that are generally at high risk of
CVD, even though such patients may be asymptomatic. In
order to effectively apply a screening method to detect asymp-
tomatic PAD and to evaluate the risk of PAD, an optimal
diagnostic cutoff ABI value is needed. Unfortunately, there
is no consensus regarding the age-dependent distribution of
ABI values, nor is there an optimal diagnostic cutoff point to
define abnormal or high-risk groups in Korea. Community-
based studies such as ours provide the data that are required
to establish an optimal diagnostic cutoff point.
The present study has some limitations. First, because this
study was cross-sectional, we were unable to determine whether
cardiovascular risk factors were causally related to the ABI
values. Second, we might have underestimated the prevalence
of low ABI values owing to our reliance on volunteers. Third,
the relatively small sample size prevented us from showing
statistically significant associations where these may have exist-
ed between ABI values and risk factors. Finally, the response
rate in our study was relatively low compared with that of
similar surveys (13, 23).
In summary, our results revealed associations between low
ABI values and cardiovascular factors, except for diabetes and
lipid profiles. Therefore, a low ABI value may be a useful
marker and predictor for CVD. In addition, the prevalence
of a low ABI was lower than in previous studies of popula-
tions in countries other than Korea. However, more confir-
mative data that we used requires, which in turn requires addi-
tional complementary and prospective studies.
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